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averaging over the highly variable intakes of individual littermates, and the results need to be interpreted with caution.
A modification of the combined video and electronic recording method of Phillips et al. (1990) has allowed creep feed intakes of individual piglets to be monitored . Briefly, the method involves video-recording the use of the feeder by each piglet, combined with electronic monitoring of the amount of food in the dispenser before and after each feeding episode. Subsequent unpublished work showed that for a given litter on a given day, a simple behavioral measure of the time each littermate spent at the creep feeder provided a reasonable estimate of the intake of the animal relative to that of its siblings. This has allowed further studies of how individual creep feed intake is affected by various management options (Appleby et aI. 1991 (Appleby et aI. , 1992 .
In all these studies, members of the same litter often showed very large differences in creep feeding behavior (e.g., ten-fold or greater from highest to lowest), yet piglets with the high feed intake levels showed only a very slight tendency toward more successful adaptation to weaning. For example, with the exception of the occasional piglet that ate very large amounts of creep feed, the piglets' level of creep feeding accounted for only 1% , 3% (Appleby et al. 1991) and 2% (Appleby et al. 1992) of variation in weight gains during the first 2 wk after weaning, after litter differences and the effect of antecedent variables (birth weight and early weight gains) had been taken into account.
The weakness of these relationships casts doubt on how effectively creep feed consumption prepares the 4-wk-old piglet for weaning. However, all of these studies used a low-cost creep and starter diet containing 25% soybean meal. Such diets, although commonly used, are not easily digested by the 3-to 4-wk-old piglet. With a diet well suited to the young piglet, creep feed intake might show less extreme variation and a clearer relationship with performance after weaning.
The following study monitored the individual creep feeding behavior and weight gains of piglets fed one of two different diets: a high-complexity, medicated commercial creep-starter diet without soybean meal, or a low-cost alternative using soybean meal as the principal protein supplement. The purpose was to compare the relationship between individual creep feed use and performance, especially after weaning, on the two diets.
MATERIALS AND METHODS
The study involved 24 litters of eight to 12 piglets from the minimum-disease Yorkshire and Landrace herd at Agriculture Canadas Centre for Food and Animal Research, Ottawa. Before weaning, piglets were housed with the sow in farrowing pens 1.7 × 2.7 m with a heated creep area (0.7 × 2.7 m) at one side of the sow The creep area was equipped with a water bowl available to the piglets from birth and a wooden creep feed dispenser available during the last 14 d before weaning. The feed dispenser included two feeding spaces each 95 mm wide with a 15-mm rim to prevent spillage. Trays were placed under eight of the feeders to confirm that the rims were effective in reducing spillage to a negligible level. Room lighting (about 100 lx) was on from 07:00 to 23:00 h. Minimal night-time lighting (about 10 lx) was provided above the creep feeders to allow video recording.
Upon weaning, each litter was moved to a raised weaner pen 1.2 × 2.4 m equipped with two nipple drinkers and two feed dispensers, each offering two feeding spaces 130 mm wide. Trays were placed under each feeder to collect spillage. Room temperature was thermostatically controlled at 29°C in the first week after weaning and declined by about 1.5°C per week thereafter.
Two diets were used. The "low-complexity" diet was a crumble offering 18.4% crude protein and consisting of 44% corn, 25% soybean meal, 15% barley and 7% whey powder, supplemented with dicalcium phosphate (2%), stabilized fat (2%), limestone (1.3%), iodized salt (0.4%), lysine hydrochloride (0.2%), a pelleting agent and pre-mixes containing trace minerals and vitamins. The "high-complexity" diet was a proprietary creep-starter diet (H-O Babyboomer Plus, Ralston Purina Canada) formulated using the ideal protein concept and not containing soybean meal in order to reduce allergic reactions. The diet was guaranteed to provide not less than 19% crude protein and 5% crude fat, and was medicated with 0.0044% Tylosin phosphate and 0.02% furazolidone.
Only litters born on Tuesday to Saturday were included in the experiment so that age at weaning (which, for ease of operation, was done on the Thursday closest to 4 wk of age) was always 28 ± 2 d. For simplicity, the piglets' first 14 ± 2 d, from birth until the Thursday when creep feed was first provided, were termed "weeks 1 and 2". Subsequent weeks, always Thursday to Thursday, were numbered 3 and 4 (preweaning), 5 and 6 (post-weaning), and "week 7-pius" for the final 11 d of the study before the piglets were moved out of the raised pens 25 d after weaning.
Twelve litters were assigned at random to each of the two dietary treatments. Litters in one treatment received the high-complexity diet offered as creep feed for the 14 d before weaning and as the weaner diet for 14 d after weaning. These pigs were then changed to the low-complexity diet for the final 11 d of the experiment (week 7-plus), as is normal in commercial pig rearing. Pigs on the other treatment received the low-complexity diet throughout.
Piglets were weighed at birth (within 24 h), 14 and 7 d before weaning, on the day of weaning, and at 1, 4, 7, 14 and 25 d after weaning. Feed dispensers were weighed on these days to record disappearance of feed, and spillage was deducted. All additions of feed between the weighing days were noted.
Creep feeding behavior was recorded by time-lapse video recording during two 48-h periods covering the last 2 d (Tuesday to Thursday) in each of weeks 3 and 4. At the beginning of the period, pigs were numbered with black ink numbers on their backs for identification in the video recordings. Behavior at the feeder was recorded from an overhead camera at a speed of one frame per min. From analysis of the video records, a creep feeding score was derived for each piglet, corresponding to the number of video frames per 24 h (maximum of 1440) in which the pig had its head in the feeder.
Statistical Analysis
The relation of creep feeding activity to other variables was studied mainly by multiple linear regression analysis. For testing the within-litter relationship between post-weaning weight gain and creep feeding behavior, measures of post-weaning gains were used as dependant variables and the model included differences between litters as the first variable, followed by birth weight, gain in weeks 1 and 2, and gain in week 3 in chronological order, and then creep feeding score in week 4 (the week when most creep feeding occurred) as the final variable. In case differences between litters in consumption rate affected the relationships, the interaction of litters with the linear regression on creep feeding score was also tested. The analysis was done for the two diets separately, in order to describe the strength of the relationship on each diet. To test whether the relationship differed significantly between the diets, an analysis of covariance was done using all piglets, with a model that included diets, litters (within diets), together with birth weight, gain during weeks 1 and 2, and gain during week 3 as covariates; creep feeding score in week 4 was then introduced as a final covariate, followed by the interaction of diet with the linear regression on creep feeding score. The interaction term was thus a test of whether the diets differed significantly in the regression slope.
A similar approach was used to test other within-litter relationships including (1) whether piglets with low initial weight gains tended to make more use of creep feed, and (2) whether piglet weight gains during weeks 3 and 4 were related to creep feeding behavior during those weeks. Relationships between creep feed intake and other variables were also tested on a between-litter basis, by analysis of covariance using the 24 litter means or litter values. 0.88 ± 0.02 0.73 ± 0.04 < 0.01 Week 7-plus 0.60 ± 0.02 0.67 ± 0.02 < 0.05 z For descriptive purposes, unadjusted means and standard errors, based on n ≈ 115 piglets per treatment, are shown. In the statistical analysis, weights were adjusted for the previous weight(s) and gains during weeks 1 and 2, before testing the effect of diet. y For descriptive purposes, unadjusted means and standard errors, based on n ≈ 115 piglets per treatment, are shown. In the statistical analysis, values were adjusted for birth weight and for gain in all previous periods before testing the effect of diet. x Means and standard errors are based on n = 12 litters per treatment. Significance levels are based on unadjusted values. Adjustment for mean birth weight and mean weight at start of creep feeding had little effect. w Mean ± SEM of the within-litter standard deviation in creep feeding score during weeks 3 and 4, based on n = 12 litter values per treatment.
The effects of diet on body weights and weight gains were tested by analysis of covariance with a model that included diets (1 d.f.) tested against litters within diets (23 d.f.), after adjustment for one or more covariates as detailed in Table 1 . A simple two-way analysis of variance (for diets and litters) was used to test differences in those variables (feed intake, feed conversion efficiency) that were measured at the whole-litter level.
RESULTS AND DISCUSSION

Effect of Diet on Performance
As expected, the two diets had very different effects on piglet performance. Pigs in the two treatments did not differ in birth weight or gain during weeks 1 and 2, before the diets were offered (Table 1) , but pigs on the high-complexity diet tended to have greater weaning weights (P < 0.10) and had significantly greater weights 25 d after weaning (P < 0.01). Diet had little effect on weight gain in week 3 when creep feed was first offered (Table 1) , but gains on the high-complexity diet averaged 31 g d -1 more than on the lowcomplexity diet in week 4 (P < 0.10). Pigs ate significantly more of the high-complexity diet than of the low-complexity diet during both weeks 3 and 4 (Table 1) . On the first day after weaning, weight change was extremely variable, piglets lost weight on average, and there was no apparent difference between dietary treatments. During the rest of week 5 and during week 6, pigs on the high-complexity diet gained significantly more than those on the low-complexity diet, showed greater feed conversion efficiency, and tended to eat more, the difference in intake being significant (P < 0.05) during two of the four periods (Table 1 ). The greater consumption of the high-complexity diet before weaning, combined with greater gains and feed conversion efficiency after weaning, appear to be typical of results with high-complexity diets designed to be readily digestible by young pigs (e.g., Okai et al. 1976; Tokach et al. 1990 ).
During week 7-plus, when all pigs were fed the low-complexity diet, those that had received this diet from the beginning had greater gains and greater feed conversion efficiency than those that had just changed from the high-complexity diet (Table 1 ). The mild set-back experienced by pigs when switched from the high-to the low-complexity diet, suggests that for practical purposes, gradual introduction of the lowcomplexity diet might be advisable.
Regardless of the diet, individual littermates still showed extremely large variation in creep feed use as evidenced by the large standard deviations in creep feeding scores (Table 1 ). The diets did not differ significantly in the amount of within-litter variation for any of the body weight or gain measures.
Creep Feeding Behavior and Intake
As a check on the validity of the behavioral creep feeding score, the regression was calculated for the litters' actual creep feed consumption (average weight loss from the feeder per pig per day, during the 14 d before weaning) versus their mean creep feeding scores (video frames of feeding behavior per pig per day, during the 4 d of video recording). The two measures were highly correlated, with 12 values of 0.86 and 0.87 for the high-and low-complexity diets, respectively. The slope of the linear regression through the origin (Fig. 1) was significantly greater for the high-complexity diet (2.5 ± 0.2, slope ± SE) than for the low (1.3 ± 0.1), indicating that piglets consumed about twice as much of the pelleted high-complexity diet per unit of feeding time. As the high-complexity diet was only slightly more dense than the low-complexity diet (750 versus 650 g L -1
), the difference in slopes indicated a greater volume intake, as well as a greater weight intake, per unit of feeding time with the high-complexity diet.
The diurnal pattern of creep feeding differed somewhat between diets. On the low-complexity diet, feeding activity was concentrated in three periods: 08:00-10:00 h when staff arrived in the rooms. 11:00-14:00 h when sows were fed and management activities were common, and 21:00-23:00 h before the lights were turned out, with only 13% of feeding activity during night-time hours of 23:00-07:00 h. For pigs on the high-complexity diet, feeding was less highly concentrated into distinct periods and 22% of feeding activity occurred at night; this is more similar to the distribution of feed intake of mature pigs (e.g., Fraser et al. 1991) . 
Creep Feeding in Relation to Earlier Weight Gain
Within litters, piglets that had previously gained less weight than their littermates tended to use creep feed more, but this trend was much clearer with the high-complexity diet than with the low. Multiple linear regression was used to determine the relationship between creep feeding scores, during weeks 3 and 4 separately, and antecedent variables (Table 2) . With the high-complexity diet, weight gains during weeks 1 and 2 accounted for 11% of variation in creep feeding score during week 3 (P < 0.001), and weight gains during weeks 1 and 2 (P < 0.001) and during week 3 (P < 0.01) jointly accounted for 11% of variation in creep feeding score during week 4. With the low-complexity diet, the relationship was weaker in week 4 and non-existent in week 3 (Table 2 ). In an analysis of covariance of the entire data set, with creep feeding score during week 3 as dependent variable, there was a significant interaction between diet and the regression on gain during weeks 1 and 2 (P < 0.05) indicating a significant difference between diets in the relationship between creep feeding and early gain. In a similar analysis of creep feeding score during week 4, the interaction of diet and early gain was not significant. Thus, with the high-complexity diet, there was a stronger tendency for piglets with the lowest early weight gains to feed more on creep feed in an apparently compensatory manner. Nonetheless, the effect was not sufficient to make weaning weights more uniform on the high-complexity diet. Between-litter analysis, based on the 24 h litter values for feed intake, showed little tendency for litters with low early gains to consume more creep feed on either diet.
Creep feeding seems to begin largely as an exploratory and social activity and then become more driven by nutrient demand as the pig matures . The greater evidence of compensatory creep feeding on the high-complexity diet suggests that this maturational process may have been more advanced with the diet that was better suited to the young pig. ln this and subsequent tables, the order of variable entry into the model was pre-determined, with litter differences entered first and other variables included in chronological order. y Partial correlation coefficients were negative, indicating greater creep feeding by piglets with low early weight gains.
Relation of Creep Feeding Behavior to Pre-weaning Gain
Creep feeding appeared to make some contribution to pre-weaning gain. The effect was clearer in the between-litter analysis which showed that litters that ate more creep feed in week 4 tended to gain more in that week. Analysis of covariance of the 24 litter means showed that creep feed intake in week 4 accounted for 28% of variation in weight gain in week 4 (P < 0.001) after differences attributable to diet, birth weight, and weight gain in weeks 1 to 3 had been taken into account, with no interaction of diet and the regression on creep feed intake.
In the within-litter analysis, with the high-complexity diet there was a small but significant tendency for piglets with high creep feeding scores to gain more weight in week 4. Multiple linear regression analysis of piglet body weight gains during week 4 (Table 3) showed that with the high-complexity diet, creep feeding score in week 4 accounted for 3% of variation (P ≈ 0.001) after differences attributable to litters and antecedent variables (birth weight, gain in weeks 1 and 2, and gain in week 3) had been taken into account. For piglets on the low-complexity diet, the relation between gain in week 4 and creep feeding score in week 4 was not significant (Table 3) ; however, there was a small but significant interaction of litters with the linear regression on creep feeding score (P ≈ 0.05) because this regression was stronger for those litters that ate the most creep feed. There was no evidence of a similar relationship between piglet body weight gain in week 3 and creep feeding score in that week.
These results agree with previous findings (English et al. 1980; Pajor et al. 1991; Appleby etal.1992 ) that creep feeding makes a detectable contribution to weaning weight at 4 wk. With later weaning, the effect of creep feed on body weight is usually clear by the age of 5 wk or more (e.g., Aumaitre and SalmonLegagneur 1961; Friend et al. 1970 Aherne et al. 1982 but not Okai et al. 1976 ). 
Relation of Creep Feeding Behavior to Performance after Weaning
On both diets, the link between creep feed intake and adaptation to weaning was weak. The betweenlitter analysis (i.e., analysis of covariance of the litter values) showed no tendency for litters that had eaten the most creep feed to gain more in weeks 5 and 6 or week 7-plus, to consume more feed in these periods, or to convert feed more efficiently. The more sensitive within-litter analysis showed that with both diets, there was a small but significant tendency for piglets with high creep feeding scores to gain more weight than their littermates during the 2 wk after weaning. Multiple linear regression analysis of piglet weight gains in weeks 5 and 6 (Table 4) showed that creep feeding score in week 4 accounted for 4% of variation with the high-complexity diet (P < 0.01) and 1% of variation with the low-complexity diet (P = 0.05), after litter differences and antecedent variables had been taken into account. In a similar analysis of both diets combined, there was no significant interaction between diet and the linear regression of gain during weeks 5 and 6 on creep feeding score in week 4. The small magnitude of the effect is similar to our previous findings Appleby et al. 1991 Appleby et al. , 1992 .In other studies with 4-or 5-wk weaning, post-weaning performance of pigs that had been raised with or without creep feeding has generally shown small or negligible differences (Okai et al. 1976; Aherne et al. 1982; Barnett et al. 1989 ; but see English et al. (1980) for an exception). Between 3 and 5 wk of age, piglets show rapid developmental changes in secretion of digestive enzymes (Aumaitre 1972) , with large differences between individual piglets (de Passillé et al. 1989) , and only limited effects of creep feed intake on enzyme levels (e.g. Friend et al. 1970 , Shields et al. 1980 . These findings presumably help to explain the limited relationship between creep feed intake and adaptation to weaning.
CONCLUSIONS
The results indicate that even with a high-complexity diet, which promotes greater creep feed consumption and is converted efficiently by the young pig, creep feed intake varies widely between littermates and, within the range of intakes found in this study, shows no strong relationship to success in adaptation to weaning at 4 wk of age. The results suggest that the advantage of providing creep feed lies more in its tendency to increase weaning weight than in any major improvement in the piglets' adjustment to weaning.
